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7KHSUHVHQWVWXG\LVGHYRWHGWRQXPHULFDOPRGHOLQJRIGHIRUPDWLRQDQGIUDFWXUHIURPWKHPHFKDQLVWLFSRLQWRIYLHZ
7ZRPRGHOLQJVFKHPHVDUHFRQVLGHUHGZLWKVSHFLDOHPSKDVLVRQWKHPDWHULDOSURSHUW\HIIHFWDQGIUDFWXUHWHQGHQF\
7KH ILUVW VFKHPHIHDWXUHVDQHOHPHQWDU\FRSSHU&XVROGHUVLOLFRQ6L OD\HUHGVWUXFWXUHDQGH[DPLQHV WKHVROGHU
FUDFNLQJEHKDYLRUGULYHQE\WKHUPDOF\FOLQJ7KHVHFRQGVFKHPHIRFXVHVRQWKHHIIHFWRISRO\PHUHQFDSVXODWLRQRQ
VROGHUIUDFWXUHDVZHOODVRQWKHVWUHVVGHYHORSPHQWLQWKH6LFHOO
0RGHOGHVFULSWLRQV
)LJXUHDVKRZVWKHEDVLFOD\HUHGVWUXFWXUHRIWLQ6QEDVHGVROGHUVDQGZLFKHGEHWZHHQWKH6LVRODUFHOODQG&X
ULEERQ7KHVLOYHU$JHOHFWURGHEHWZHHQ6LDQGVROGHULVDOVRLQFOXGHG,QW\SLFDOPLFURHOHFWURQLFGHYLFHVVROGHU
SULPDULO\H[LVWVLQWKHGLVFUHWHEXPSIRUP:KLOHLQFHUWDLQ39PRGXOHVVROGHUPD\DOVREHGLVFUHWHMRLQWVWKHSUHVHQW
VWXG\FRQVLGHUVRQO\WKHFRPPRQO\VHHQORQJVROGHUERQGLQDOD\HUHGJHRPHWU\7KHHQWLUHGRPDLQKDVGLPHQVLRQV
RIPPDQGPPLQWKHDQGGLUHFWLRQVUHVSHFWLYHO\ZLWKWKHWKLFNQHVVHVRI&XVROGHU$JDQG6LEHLQJ
PPPPPPDQGPPUHVSHFWLYHO\7KHERXQGDU\FRQGLWLRQVDUHDOVRLQGLFDWHGLQ)LJD7KHOHIWDQGERWWRP
ERXQGDULHV DUH DOORZHG WR VOLGH WDQJHQWLDOO\ ZLWK QR RXWRISODQH GLVSODFHPHQW VR WKH\ PD\ DOVR EH YLHZHG DV
V\PPHWU\ERXQGDULHV7KHWRSDQGULJKWERXQGDULHVDUHXQFRQVWUDLQHG

D   E   F   G




)LJ0RGHOVZLWKDEFDQGG$J6QSDUWLFOHVLQVROGHU
)DWLJXH FUDFNV LQ VROGHU KDYH EHHQ REVHUYHG WR EH LQIOXHQFHG E\ WKH$J6Q LQWHUPHWDOOLF SDUWLFOHV IRUPHG E\
GLVVROXWLRQRI$JLQWRVROGHU>@)LJXUHVEGVKRZWKUHHDGGLWLRQDOPRGHOFRQILJXUDWLRQVEDVHGRQ)LJDEXW
FRQWDLQLQJUHVSHFWLYHO\DQGUDQGRPO\JHQHUDWHG$J6QSDUWLFOHVLQVROGHU7KHUPDOF\FOLQJLVVLPXODWHG
E\LPSRVLQJDVSDWLDOO\XQLIRUPWHPSHUDWXUHFKDQJHEHWZHHQ'T DQGq&IURPWKHLQLWLDOUHIHUHQFHVWDWH'T
 ,WFDQEHH[SHFWHGWKDWGXHWRWKHERXQGDU\FRQGLWLRQVPDWHULDOVQHDUWKHULJKWIUHHHGJHRIWKHVWUXFWXUHZLOO
EH XQGHU JUHDWHU LQIOXHQFH RI WKH &7(PLVPDWFK DQG WKHUHIRUH PRUH VHYHUH GHIRUPDWLRQ ZKLFK WULJJHUV IDLOXUH
LQLWLDWLRQ1RWHWKDWWKHSUHVHQWPRGHOLVQRWLQWHQGHGWRVLPXODWHDQDFWXDO39PRGXOH5DWKHUZHDWWHPSWWRXVHD
VXIILFLHQWO\VLPSOHOD\RXWWRJDLQIXQGDPHQWDOXQGHUVWDQGLQJVRIWKHIDLOXUHSURFHVV
7KHVHFRQGPRGHOVFKHPHLQYROYHVDVLPLODUEDVLFVWUXFWXUHEXWZLWKDQDGGHGSRO\PHUHQFDSVXODQWHWK\OHQHYLQ\O
DFHWDWH(9$DVVKRZQLQ)LJ7KH(9$WKLFNQHVVLVWDNHQDVPPDQGDQRWKHUVROGHUOD\HUH[LVWVEHWZHHQ&X
DQG(9$1R$J6QSDUWLFOHVDUHFRQVLGHUHGLQWKLVPRGHO7KHERXQGDU\FRQGLWLRQRQWKHULJKWKDQGHGJHVKRZQLQ
)LJDSSOLHVWR(9$RQO\7KLVUHSUHVHQWVWKHFRQWLQXRXVQDWXUHRIWKHHQFDSVXODWLRQDOWKRXJKWKHPRGHOGRHVQRW
LQFOXGHWKHIXOOIHDWXUHVRIPXOWLSOHFHOOVFRQQHFWHGE\LQWHUFRQQHFWV,WLVQRWHGWKDWLIWKHULJKWHGJHRI(9$LVIUHH
WKH(9$ZRXOGFROODSVHGXULQJWHPSHUDWXUHH[FXUVLRQVGXHWRLWVYHU\ORZVWLIIQHVVDQGYHU\KLJK&7(7KHVDPH
WHPSHUDWXUHUDQJHGHVFULEHGDERYHLVXVHGLQWKHWKHUPDOF\FOLQJVLPXODWLRQ
7KHILQLWHHOHPHQWSURJUDP$%$4869HUVLRQ'DVVDXOW6\VWHPHV6LPXOLD&RUS3URYLGHQFH5,86$LV
HPSOR\HGLQDOOFDOFXODWLRQV7KHPRGHOVLQ)LJVDQGFRQWDLQUHVSHFWLYHO\DQGIRXUQRGHGSODQH
VWUDLQHOHPHQWV7KHPDWHULDOSURSHUWLHVDUH OLVWHG LQ7DEOHZLWKEQD DQGVy UHSUHVHQWLQJ<RXQJ
VPRGXOXV
3RLVVRQ
VUDWLR&7(DQGLQLWLDO\LHOGVWUHQJWKUHVSHFWLYHO\6LOLFRQDQG(9$DUHWUHDWHGDVOLQHDUHODVWLFVROLGVDQG
$JDQG$J6QDUHDVVXPHGWREHHODVWLFSHUIHFWO\SODVWLFVROLGV,QSDUWLFXODUWKHSURSHUWLHVRIDFWXDO(9$PDWHULDO
FDQYDU\GUDPDWLFDOO\+HUHWKUHHVWLIIQHVVFRQGLWLRQVDUHFRQVLGHUHGIRU(9$LE 03DLLE *3DDQG
LLL WHPSHUDWXUHGHSHQGHQWE IURP03DDW'T  OLQHDUO\ LQFUHDVLQJ WR*3DDW'T q&EDVHGRQ
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H[SHULPHQWDOLQIRUPDWLRQ>@7KHREMHFWLYHLVWRVSHFLILFDOO\H[DPLQHWKHHIIHFWRI(9$VWLIIQHVV&RSSHULVWDNHQDV
HODVWLFSODVWLFZLWKOLQHDUVWUDLQKDUGHQLQJZLWKDKDUGHQLQJVORSHRI*3D>@

)LJ0RGHOJHRPHWU\DQGERXQGDU\FRQGLWLRQVZKHQDQ(9$OD\HULVLQFOXGHG
7DEOH0DWHULDOSURSHUWLHVXVHGLQWKHVLPXODWLRQV

 &X 6ROGHU 6L $J $J6Q (9$
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*3D      
Q      
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.      
Vy03D      


)LJ6FKHPDWLFVKRZLQJWKHHODVWLFSODVWLFGXFWLOHGDPDJHUHVSRQVHLQWHUPVRIWKHXQLD[LDOVWUHVV±VWUDLQFXUYH
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7KHVROGHUPDWHULDOWDNHQWREHD6Q$J&XDOOR\LVWUHDWHGDVDQHODVWLFSODVWLFVROLGZLWKWKHSURJUHVVLYHGXFWLOH
GDPDJHUHVSRQVH>@)LJXUHVKRZVDVFKHPDWLFRIWKHVWUHVV±VWUDLQFXUYHZKLFKLQFOXGHVWKHGDPDJHUHVSRQVHVROLG
FXUYH7KHGDPDJHSURFHVVLVTXDQWLILHGE\DVFDODUGDPDJHSDUDPHWHUDZLWK
VV  D     
ZKHUHVLVWKHFXUUHQWIORZVWUHVVDQGV LVWKHIORZVWUHVVLQWKHDEVHQFHRIGDPDJH,QDGGLWLRQWROHDGLQJWRVRIWHQLQJ
RI WKH SODVWLF VWUHVV GDPDJH LV DOVR PDQLIHVWHG E\ WKH GHJUDGDWLRQ RI HODVWLF PRGXOXV DV VKRZQ E\ WKH GDVKHG
XQORDGLQJUHORDGLQJOLQHLQ)LJ7KHHTXLYDOHQWSODVWLFVWUDLQVDUH plH DQG
pl
fH DWWKHRQVHWRIGDPDJHD DQG
IDLOXUHD UHVSHFWLYHO\$PDWHULDOHOHPHQWORVHVLWVFDSDELOLW\WRFDUU\VWUHVVZKHQLWVDDWWDLQVXQLW\DWZKLFK
SRLQWWKHHOHPHQWZLOOEHUHPRYHGIURPWKHPHVKVRD³YRLG´WKXVGHYHORSV&UDFNLQJLVWKHQDFRQVHTXHQFHRIOLQNLQJ
PXOWLSOHDGMDFHQWYRLGVLQWKHPRGHO
,Q JHQHUDO plH FDQ EH PDGH D IXQFWLRQ RI WKH VWUHVV WULD[LDOLW\ ehyd VV  ZKHUH  zzyyxxhyd VVVV  
 LV WKH
K\GURVWDWLFVWUHVVDQG
eV LVWKHYRQ0LVHVHIIHFWLYHVWUHVV,QWKHSUHVHQWVWXG\
pl
H LVDVVXPHGWREHLQGHSHQGHQWRI
VWUHVVWULD[LDOLW\GXHWRWKHODFNRIH[SHULPHQWDOGDWDWKDWPD\EHXVHGIRUGHILQLQJWKHIXQFWLRQDOIRUP8SRQGDPDJH
LQLWLDWLRQVWUDLQVRIWHQLQJDQGWKXVVWUDLQORFDOL]DWLRQVHWLQZKLFKGLVSOD\VDVWURQJPHVKGHSHQGHQF\7RDOOHYLDWH
WKHSUREOHPDFKDUDFWHULVWLFOHQJWKLLVXVHGLQWKHPRGHOZLWK
pp Lu H     
ZKHUH pu UHSUHVHQWVDSODVWLFGLVSODFHPHQWTXDQWLW\DQGLLVGHILQHGDVWKHVTXDUHURRWRIWKHLQWHJUDWLRQSRLQWDUHD
LQHDFKILQLWHHOHPHQW7KHVRIWHQLQJSKHQRPHQRQLVQRZH[SUHVVHGDVDVWUHVV±GLVSODFHPHQWUHODWLRQVKLS3ULRUWRWKH
LQLWLDWLRQRIGDPDJH  pu DIWHUGDPDJHLQLWLDWLRQ(TVWDUWVWRWDNHHIIHFW)DLOXUHDQGUHPRYDORIWKHHOHPHQW
RFFXUVZKHQ pu UHDFKHVWKHVSHFLILHGIDLOXUHYDOXH pfu 7KHHYROXWLRQRIWKHGDPDJHSDUDPHWHULVWDNHQWRIROORZD
OLQHDUIRUP
p
f
p
u
u
D      
7KHGDPDJHUHVSRQVHLVWKXVFRPSOHWHO\VSHFLILHGE\WKHWZRSDUDPHWHUV plH DQG
p
fu ,QWKHSUHVHQWVWXG\WKH\
DUHFKRVHQWREHDQGPPUHVSHFWLYHO\,WLVQRWHGWKDWWKHFKRVHQYDOXHRI pfu FRUUHVSRQGVWRD
pl
fH YDOXHRI
DSSUR[LPDWHO\7KHVHSDUDPHWHUVZHUHEDVHGRQVRPHPHDVXUHGWHQVLOHVWUHVV±VWUDLQFXUYHVRIEXONSXUH6QRU6Q
ULFKVROGHUDOOR\,WLVXQGHUVWRRGWKDWEXONPDWHULDOVDQGDFWXDOVROGHUERQGVKDYHVLJQLILFDQWO\GLIIHUHQWSK\VLFDOVL]HV
DQGPLFURVWUXFWXUHDQGWKXVGLIIHUHQWFRQVWLWXWLYHUHVSRQVHV,QDGGLWLRQWHQVLOHORDGLQJWHQGVWRSURPRWHPLFURYRLG
QXFOHDWLRQDQGFRDOHVFHQFHUHVXOWLQJLQHDVLHUGDPDJHFRPSDUHGWRRWKHUIRUPVRIORDGLQJ7KHSUHVHQWVHWRIGDPDJH
SDUDPHWHUVVKRXOGEHYLHZHGRQO\DVDORZHUOLPLWDSSUR[LPDWLRQ$VDFRQVHTXHQFHQXPHULFDOO\SUHGLFWHGIDLOXUHLV
H[SHFWHGWRRFFXUDWDKLJKHUUDWHFRPSDUHGWRWKHDFWXDOPDWHULDOEHKDYLRU7KHODFNRIVWUHVVWULD[LDOLW\GHSHQGHQFH
RIGDPDJHLQLWLDWLRQGHVFULEHGDERYHLVDQRWKHUVRXUFHIRUKLJKHUSUHGLFWHGIDLOXUHUDWH1HYHUWKHOHVVWKHSUHVHQW
DQDO\VLVLVYDOLGIRUFRPSDULQJWKHYDULRXVPRGHOLQJFRQGLWLRQVDQGIRUTXDOLWDWLYHO\SUHGLFWLQJIDLOXUHWHQGHQFLHV
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5HVXOWVDQG'LVFXVVLRQ
3.1. Solder cracking and effect of Ag3Sn particles 
6LPXODWLRQUHVXOWVEDVHGRQWKHPRGHOFRQILJXUDWLRQVGHSLFWHGLQ)LJDUHILUVWSUHVHQWHG)LJXUHDGVKRZWKH
FRQWRXUSORWVRIHTXLYDOHQWSODVWLFVWUDLQLQPRGHOVZLWKDQG$J6QSDUWLFOHVUHVSHFWLYHO\DIWHUWKHILUVW
FRROLQJSKDVHRI'T q&7KHLPDJHVLQFOXGHWKHHQWLUHVROGHUDQG$JOD\HUVDQGWKHORZHUUHJLRQRI&XDQG
XSSHUUHJLRQRI6L3ODVWLFGHIRUPDWLRQKDVRFFXUUHGLQDOOPHWDOVEXWSULPDULO\LQVROGHU+LJKVWUDLQVDSSHDULQWKH
ULJKWKDQGUHJLRQRIVROGHUHVSHFLDOO\QHDUWKHLQWHUIDFHZLWKWKH$JHOHFWURGH1RWHWKDWWKHH[LVWHQFHRI
LQWHUPHWDOOLFSDUWLFOHVFDXVHVORFDOL]HGGHIRUPDWLRQDQGHQKDQFHVSODVWLFVWUDLQVLQWKHLQQHUUHJLRQVDZD\IURPWKH
IUHHVXUIDFHDQGLQWHUIDFHV1RGDPDJHZDVLQLWLDWHGDIWHUILUVWFRROLQJ

D     E 


F     G 


)LJ(TXLYDOHQWSODVWLFVWUDLQILHOGVLQPRGHOVZLWKDEFDQGG$J6QSDUWLFOHVDIWHUILUVWFRROLQJ
:LWKFRQWLQXHGWKHUPDOF\FOLQJGDPDJHLQVROGHULVLQLWLDWHGOHDGLQJWRFUDFNHYROXWLRQ)LJXUHVDGVKRZWKH
FRQWRXUSORWVRIHTXLYDOHQWSODVWLFVWUDLQDQGFUDFNPRUSKRORJLHVLQPRGHOVFRQWDLQLQJDQGSDUWLFOHV
UHVSHFWLYHO\DIWHUIXOO\UHYHUVHGWKHUPDOF\FOHV1RWHWKDWWKHFRQWRXUOHYHOVDUHVHWWREHGLIIHUHQWIURPWKRVHLQ
)LJDQGWKHSODVWLFVWUDLQYDOXHVLQ)LJDUHDFWXDOO\VLJQLILFDQWO\KLJKHUWKDQLQ)LJ/RQJFUDFNVKDYH
LQLWLDWHGDQGSURSDJDWHGIURPWKHULJKWHGJHLQDOOFDVHVLQ)LJ,Q)LJDWKHFUDFNWKLQGDUNOLQHLVDORQJWKH
VROGHU$JLQWHUIDFHDQGKDVWUDYHUVHGDERXWRIWKHPRGHOZLGWK,Q)LJVEGWKHFUDFNVDUHDORQJRUQHDUWKH
LQWHUIDFH/RFDOVWUDLQFRQFHQWUDWLRQGXHWR$J6QSDUWLFOHVDSSDUHQWO\IRUFHVFUDFNVWRGHYLDWHIURPWKHLULQWHUIDFLDO
SDWK,WLVDOVRREVHUYHGWKDWLQWKHFDVHVZLWKSDUWLFOHVFUDFNJURZWKLVQRWQHFHVVDULO\DPRQRWRQLFSURFHVVIURP
ULJKWWROHIW'LVFUHWHPLFURFUDFNLQJFDQRFFXUDKHDGRIWKHPDLQFUDFNWLSDQGWKHFUDFNVHJPHQWVHYHQWXDOO\OLQN
XSDQGWKHSURSDJDWLRQFRQWLQXHV

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
)LJ(TXLYDOHQWSODVWLFVWUDLQILHOGVDQGFUDFNPRUSKRORJLHVLQPRGHOVZLWKDEFDQGG$J6QSDUWLFOHVDIWHUF\FOHV
7KHFUDFNOHQJWKFDQEHPRQLWRUHGGXULQJWKHSURFHVVDQGLWVYDULDWLRQVZLWKWKHQXPEHURIWKHUPDOF\FOHVDUH
SORWWHGLQ)LJXUH+HUHFUDFNOHQJWKLVGHILQHGWREHWKHDFWXDOOHQJWKRIWKHFRQWLQXRXVPDLQFUDFNSURMHFWHGDORQJ
WKHKRUL]RQWDOGLUHFWLRQ,WFDQEHVHHQWKDWWKHH[LVWHQFHRI$J6QSDUWLFOHVLQWKHPRGHOJHQHUDOO\OHDGVWRDKLJKHU
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SURSDJDWLRQUDWH7KHVWHSZLVHIHDWXUHLVDOVRHYLGHQWZKLFKLVGXHWRWKHIDFWWKDWWKHQXFOHDWLRQRIDQHZ
PLFURFUDFNDKHDGRIWKHPDLQFUDFNLVQRWLQFOXGHGLQWKHFUDFNOHQJWKFDOFXODWLRQ7KHOLQNXSRIFUDFNVWKHQ
FRUUHVSRQGVWRDPRUHDEUXSWLQFUHDVHLQOHQJWK7KHPRGHOLQJUHVXOWVLQ)LJVDQGGHPRQVWUDWHGWKDWWKHVROGHU
FUDFNLQJEHKDYLRULQ39PRGXOHVFDQEHDIIHFWHGE\WKHLQWHUPHWDOOLFSDUWLFOHV+RZHYHUWKHLQWHUIDFHUHJLRQ
EHWZHHQWKHVROGHUERQGDQG$JHOHFWURGHLVVWLOORIFULWLFDOLPSRUWDQFHDVZDVREVHUYHGH[SHULPHQWDOO\>@

)LJ9DULDWLRQVRIFUDFNOHQJWKSURMHFWHGDORQJWKHLQWHUIDFHGLUHFWLRQZLWKWKHQXPEHURIWKHUPDOF\FOHV
3.2. Effect of polymer encapsulation 
$WWHQWLRQLVQRZWXUQHGWRWKHHIIHFWRISRO\PHUHQFDSVXODWLRQ$VGHVFULEHGLQ6HFWLRQWKHPHFKDQLFDO
SURSHUWLHVRIDFWXDO(9$PDWHULDOVFDQYDU\ZLGHO\,QWKLVZRUNZHFRQVLGHUWKUHHGLIIHUHQW(9$<RXQJ¶VPRGXOXV
YDOXHV03DWHPSHUDWXUHLQGHSHQGHQW*3DWHPSHUDWXUHLQGHSHQGHQWDQGDOLQHDUIXQFWLRQRIWHPSHUDWXUH
IURP03DDW'T WR*3DDW'T q&7KH&7(LVNHSWWKHVDPHIRUDOOWKUHHFDVHV)LJXUHVDFVKRZ
WKHFRQWRXUSORWVRIHTXLYDOHQWSODVWLFVWUDLQDIWHUILUVWFRROLQJIRUWKHWKUHH(9$PRGHOVDVODEHOOHG,QWKHPRVW
FRPSOLDQWFDVH)LJDWKHSODVWLFVWUDLQSDWWHUQLVTXLWHVLPLODUWRWKDWZLWKRXWDQ\(9$)LJD$OWKRXJKWKHUH
DUHWZRVROGHUERQGVLQ)LJDWKHRQHEHWZHHQ&XDQG(9$H[SHULHQFHVPXFKOHVVSODVWLFLW\WKDQWKHRQHFORVHUWR
6L:KHQWKH(9$LVPDGHVWLIIHU)LJVEDQGFSODVWLFVWUDLQVLQWKHXSSHUVROGHUOD\HUEHFRPHPXFKKLJKHU7KH
VWLII(9$LVVHHQWRHYHQLQIOXHQFHWKHVROGHUPDWHULDORQWKHIDUVLGHWKHXSSHUULJKWFRUQHUUHJLRQLQWKHORZHU
VROGHULVXQGHUKLJKSODVWLFLW\LQ)LJVEDQGFFRPSDUHGWR)LJD
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
)LJ(TXLYDOHQWSODVWLFVWUDLQILHOGVDIWHUILUVWFRROLQJLQPRGHOVZLWKGLIIHUHQW(9$PRGXOL
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)LJXUHVDFVKRZWKHFRQWRXUSORWVRIPD[LPXPSULQFLSDOVWUHVVLQWKHVWUXFWXUHDIWHUILUVWFRROLQJLQWKHWKUHH
PRGHOVZLWKGLIIHUHQW(9$PRGXOL7KHIRFXVKHUHLQRQWKHEULWWOH6LZKLFKGLVSOD\VORZWHQVLOHVWUHVVHVIRUWKHPRVW
SDUWH[FHSWIRUWKHXSSHUULJKWFRUQHUUHJLRQ7KHQRUPDOVWUHVVLQWKHGLUHFWLRQKRUL]RQWDOLVPDLQO\FRPSUHVVLYH
EXWDORQJWKHGLUHFWLRQYHUWLFDOWKHUHLVKLJKWHQVLRQ,QWKHFDVHRIWKHPRVWFRPSOLDQW(9$)LJDWKHORFDO
WHQVLOHVWUHVVLQ6LFDQUHDFKEH\RQG03D%ULWWOHIUDFWXUHRI6LLVWKXVDUHDOSRVVLELOLW\LQ39PRGXOHVGXHWR
&7(PLVPDWFKDORQH>@:LWKDVWLIIHU(9$)LJVEDQGFWKHWHQVLOHVWUHVVHVLQ6LFDQEHUHGXFHG
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
)LJ0D[LPXPSULQFLSDOVWUHVVILHOGVDIWHUILUVWFRROLQJLQPRGHOVZLWKGLIIHUHQW(9$PRGXOL
6ROGHUIDLOXUHGXHWR WKHGLIIHUHQW(9$SURSHUWLHV LVQRZFRQVLGHUHG)LJXUHVDFVKRZWKHHTXLYDOHQWSODVWLF
VWUDLQILHOGVDQGFUDFNPRUSKRORJLHVXSRQWKHUPDOF\FOLQJ2ZLQJWRWKHGUDVWLFDOO\GLIIHUHQWIDLOXUHWHQGHQF\WKH
WKUHHFDVHVSUHVHQWHGKHUHSHUWDLQWRGLIIHUHQWQXPEHUVRIF\FOHV7KHUHVXOWVLQ)LJVDFDUHDIWHUDQGIXOO\
UHYHUVHGWKHUPDOF\FOHVUHVSHFWLYHO\,Q)LJDWKHPDLQFUDFNWKLQGDUNOLQHKDVWUDYHUVHGDERXWRIWKHVROGHU$J
LQWHUIDFH$ VPDOO FUDFN VHJPHQW DORQJ WKH WRS LQWHUIDFH LQ WKH VDPH VROGHUERQGDOVRH[LVWV:LWKD VWLIIHU(9$
IUDFWXUHEHFRPHVPXFKHDVLHUWRRFFXUDQGLWLVQRZLQWKHXSSHUVROGHUDORQJWKHVROGHU(9$LQWHUIDFH)LJVEDQG
F$YHU\GLVWLQFWFUDFNLVDOUHDG\LQSODFHLQ)LJFDIWHURQO\RQHF\FOH
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
)LJ(TXLYDOHQWSODVWLFVWUDLQILHOGVDQGFUDFNPRUSKRORJLHVLQPRGHOVZLWKGLIIHUHQW(9$PRGXOL
)LJXUHVDQGLOOXVWUDWHGWKHGUDPDWLFLPSDFWVWKHSRO\PHUHQFDSVXODWLRQFDQKDYHRQWKHGHIRUPDWLRQDQG
IUDFWXUHRIERWKWKHVROGHUDQG6LFHOOLQD39PRGXOH$OWKRXJKWKHFXUUHQWZRUNLVEDVHGRQSDUDPHWULFDQDO\VLVWKDW
GLGQRWLQFRUSRUDWHDWUXO\HQFDSVXODWHGVRODUFHOODQGLQWHUFRQQHFWVWUXFWXUHDVLQILHOGGHYLFHVWKHUHVXOWVQHYHUWKHOHVV
VKRZHGXQDPELJXRXVWUHQGVDQGSRLQWHGWRWKHGLUHFWLRQVIRUIXWXUHVWXGLHV
&RQFOXVLRQV
1XPHULFDOILQLWHHOHPHQWDQDO\VHVZHUHFRQGXFWHGWRLQYHVWLJDWHVROGHUERQGIDLOXUHLQ39PRGXOHVGXHWRWKHUPDO
H[SDQVLRQPLVPDWFK7KHPRGHOV DUH EDVHGRQ OD\HUHG VWUXFWXUHVFRQVLVWLQJ RI6L FHOO LQWHUFRQQHFW DQGSRO\PHU
HQFDSVXODWLRQ,WZDVIRXQGWKDWFUDFNLQJLQVROGHULVSUHGRPLQDWHO\DORQJWKHLQWHUIDFHZLWKWKH$JHOHFWURGHLIWKH
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HQFDSVXODWLRQKDVDYHU\ORZVWLIIQHVVRUGRHVQRWH[LVW7KH$J6QLQWHUPHWDOOLFSDUWLFOHVLQVROGHUFDQGLYHUW WKH
FUDFNDQGHQKDQFHLWVSURSDJDWLRQ7KHHQFDSVXODWLRQPDWHULDOZDVIRXQGWRJUHDWO\LQIOXHQFHWKHUHOLDELOLW\RIWKH6L
FHOODQGLQWHUFRQQHFW7KHGHYHORSPHQWRIORFDOWHQVLOHVWUHVVHVLQ6LUDLVHVFRQFHUQVDERXWEULWWOHIDLOXUH&UDFNLQJ
WHQGHQF\LQVROGHUDGMDFHQWWRWKHHQFDSVXODQWZDVVHHQWRGUDPDWLFDOO\LQFUHDVHLIDPHFKDQLFDOO\VWLIIHUSRO\PHULV
XVHG
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